The aims of this study were to investigate the antioxidant and anti-inflammatory effects of extracts from fruits of Ziziphus jujuba Mill. cv. jinsixiaozao Hort (ZJMH) and its active chemical constituents. For antioxidant activity, reducing power, DPPH and β-carotene bleaching inhibition assay were used. Ethyl acetate extract exhibited the strongest antioxidant potential in all the models. For anti-inflammatory activity, petroleum ether extract showed the strongest inhibition (32.86%) against carrageenan-induced paw edema, which also displayed potent antiinflammatory activity against xylene-induced ear edema (41.52%). The contents of phenolic acids, flavonoids, triterpenes, anthocyanins, triterpenoid saponins of different extracts were also observed. Moreover, seven compounds were first isolated from petroleum ether extract and showed considerable anti-inflammatory activity, especially alphitolic acid and stigmasterol. The results showed that ZJMH can be a natural antioxidant and antiinflammatory agent.
Introduction
Inflammation is a protective mechanism of organisms to remove injurious stimuli from the tissues, and is involved in the development of several diseased conditions or disorders. Longterm administration of nonsteroidal anti-inflammatory drugs (NSAIDs) may induce numerous adverse effects, including gastrointestinal ulcers, bleeding, and renal disorders because of their reflux. The combined extract was evaporated in vacuo to remove ethanol to give the crude extract (CE) at a temperature below 45℃.
The CE was suspended in distilled water (10 L) and partitioned successively with petroleum ether (PE, bp 60 _ 90℃, 5×10 L), ethyl acetate (EtOAc or EA, 6×10 L), and water-saturated n-butanol (n-BuOH, 7×10 L) to obtain PE extract (151.0 g), EA extract (212.0 g), and n-BuOH (1036.0 g) fraction, respectively. The extracts were stored at 4℃ for further analysis.
Separation and isolation of the active compounds
The PE fraction (125.0 g) was subjected to silica gel column chromatography (CC) and eluted with a gradient of PE-EtOAc (100:0 to 0:100, V/V) to yield 20 fractions (Fr.A-Fr.T). Using rechromatography on a silica gel CC, fraction G (5.8 g) was separated by PE-EtOAc (100:6 to 80:20, V/V) on a silica gel CC to give 33
fractions. Subsequently, fraction 3 and fractions 8 _ 15 were submitted to recrystallization with EtOAc to obtain compound 7
(ursonic acid, 90 mg) and compound 1 (stigmasterol, 257 mg), respectively. Fraction I (5.5 g) was chromatographed on a silica gel CC eluted with a stepwise system PE-EtOAc (95:5 to 70:30, V/V) to obtain compound 3 (betulinic acid, 272 mg). Fraction K (3.2 g)
was further subjected to a silica gel CC, eluted with PE-EtoAc (100:6 to 80:20, V/V) to obtain fractions 19 _ 27, which was further chromatographed on Sephadex LH-20 CC by elution with CH 2 Cl 2 :methanol (1:1, V/V) to yield pure compound 4 (ursolic acid, 83 mg). Fraction P (4.9 g) was chromatographed on a silica gel CC eluted with PE-EtOAc (80:20 to 70:30, V/V, stepwise) to g i v e 2 f r a c t i o n s , t h e n t h e s e 2 f r a c t i o n s w e r e f u r t h e r chromatographed to yield a white powder (compound 6, alphitolic acid, 230 mg). compound 2 (oleanonic acid, 730 mg) was obtained as a colorless needle crystal from fraction H by recrystallization from methanol, while compound 5 (ceanothic acid, 30 mg) was from fraction N by recrystallization by EtOAc.
The isolated compounds were identified on the basis of their 
Analyses of functional components
Determination of total polyphenols The total polyphenols (TPs) content in the PE, EA, and n-BuOH extracts of the JZMH was determined using Folin-Ciocalteu's reagent (Zhang et al., 2013) . The TPs content was calculated from the calibration curve of gallic acid ranged from 20 to 100 μg.
Determination of total flavonoids
The total flavonoids (TFs) content was measured using the aluminum chloride colorimetric method outlined by Zhang et al. (2013) with some modifications.
The data were expressed as milligram rutin equivalents (RE)/g extract through the calibration curve ranged from 14 _ 70 μg.
Determination of total anthocyanins
The total anthocyanins (TAs) content was determined by the pH differential method (Zhang et al. 2013) .
Determination of total triterpenes
The total triterpenes (TTs) content of different extractions were assessed based on the method of Li et al. (2014) with minor modifications. TTs content was expressed as oleanolic acid equivalents (milligrams of oleanolic acid/g extract) through the calibration curve ranged from 4 to 20 μg.
Determination of total triterpenoid saponins Total triterpenoid
saponins (TSs) content of samples was analyzed using the method described by Oleszek (2002) . TSs content was calculated from the calibration curve ranged from 6.67 to 40 mg and expressed as milligram of jujuboside B equivalents (jujuboside B/mg extract).
Antioxidant Activity of the different extractions
Reducing power The reducing power of different extractions was investigated largely based on the method optimized by Lue et al. (2010) . The reducing power was expressed as the vitamin C equivalents, which were calculated from the calibration curve of vitamin C ranged from 5 to 120 μg.
DPPH free radical scavenging assay The ability to scavenge DPPH free radicals of PE, EA, and n-BuOH extracts from ZJMH was evaluated according to the method of Arabshahi-Delouee (2007).
β-Carotene bleaching inhibition assay
The inhibition activity of β-carotene oxidation by peroxide radicals the different extracts was determined based on a modified procedure by Li et al. (2011b) .
Anti-inflammatory capacity Xylene-induced mouse ear edema and carrageenan-induced mouse hind paw edema were used to evaluate the acute anti-inflammatory activity according to the method of Huang et al. (2010) . The activity of the different extracts and the isolated compounds were carried out separately. Those mice were randomly divided into 17 groups (6 mice in each group).
Each extract was administered orally for 5 consecutive days at the dose of 200 mg/kg, while the compounds and the DEX were administered orally for 5 consecutive days at the dose of 10 mg/kg.
Carrageenan-induced mouse hind paw edema Edema was
induced by injecting carrageenan (1% w/v, 0.1 mL/paw) into the right hind paw of the mice at 40 min after the fifth administration.
Paw volume was measured before and after ovalbumin injection after 30 min, 1, 3 and 5 h, using a sliding caliper. The antiinflammatory effect was evaluated by an increase in paw edema (mm). Swelling inhibition rate was assessed in terms of the mean thickness increase of each paw in comparison with the control group.
Xylene-induced ear edema One hour after the fifth administration, 0.1 mL xylene were applied to the anterior and posterior surface of the right ear of each mouse with the left ear as a control. After mice killed, circular sections were taken using a cork borer with a diameter of 9 mm, and weighed. Swelling degree was calculated by the mean weight increase of each ear, while the inhibition of inflammation in treated mice was calculated in comparison to control mice.
Statistical analysis Statistical Product and Service Solutions
(SPSS) version 13.0 was used for the statistical analysis of the data of the animal experiments. Results were expressed as mean ± SEM.
The data were statistically analyzed by least significant difference (LSD) and Student Newman-Keuls (S-N-K) tests. The results were considered statistically significant at P < 0.05.
Results and Discussion
Phytochemical analysis Polyphenols, flavonoids, and anthocyanins have been reported to be the most important phytochemicals responsible for antioxidant capacity. They play an important role in counteracting reactive oxygen species (ROS) to minimize molecular damage . Moreover, flavonoids also have anti-inflammatory effects. In this study, the TPs contents of different extracts from the fruit of ZJMH varied from 8.12 ± 0.37 to 86.50 ± 0.87 as mg of gallic acid/g extract (Table 1) , while TFs contents ranged from 84.73 ± 0.82 to 289.28 ± 3.39 as mg of rutin/g extract ( Table 1 ). The TAs content in the n-BuOH fraction was only 4.69 ± 0.05 as mg of cyaniding 3-glucoside equivalents (c-3-gE)/g extract. Both TPs and TFs contents were highest in the EA fraction and lowest in the PE fraction. Caffeic, ferulic, protocatechuic, chlorogenic, and cinnamic acid were the prevailing phenolic acids in jujubes . The distribution of phenolic acids in the peel, pulp, and seed of jujube fruits were evaluated (Zhang et al., 2010; Wang et al., 2011) and they predominated in fruit peel. Different types of flavonoids such as flavan-3-ols and flavonols (Sun et al., 2011) have been found in jujube fruits, with catechin, epicatechin, and rutin as the predominant flavonoids. In addition, flavonoids might vary significantly by species and maturity degree (Guo et al., 2011) . For their antioxidant and other physiological activities, the presence of polyphenols in fruits is of great importance to consumers and researchers.
Triterpenic acids are widely distributed in all parts of Ziziphus species plants as free acids, triterpene esters, or aglycones (Romero et al., 2010) , which have been reported to possess numerous biological activities, including antioxidant and anti-inflammatory activities (Mullauer et al., 2010) . In this study, for PE, EA, and n-BuOH extraction, the amount of TTs ranged from 497.49 ± 0.27 to 313.05 ± 1.54 as mg of oleanolic acid/g extract, while the TSs contents varied from 535.06 ± 5.93 to 295.05 ± 1.66 as mg of jujuboside B/g extract. TTs and TSs contents in all extracts of ZJMH were remarkably higher than other constituents, which was consistent with previous findings (Zhang et al., 2013) . In order to find the active constituents, 7 compounds (Fig. 1a, b,) , including 6 triterpenoid acids (compounds 2 _ 7) and one steroid (compound 1),
were isolated from the PE fraction for further assessment of in vivo acute anti-inflammation. Up to now, 4 dominating types (lupane, ursane, oleanane, and ceanothane type) of triterpenic acids have been isolated from the fruits of Ziziphus species (Guo et al., 2009 (Guo et al., , 2011 . In this paper, 3 lupane types (betulinic, ceanothic and alphitolic acid), 2 ursane types (ursolic and ursonic acid) and one oleanane type (oleanonic acid) of triterpenoid acids, together with stigmasterol, were all isolated from this jujube cultivar for the first time.
Antioxidant capacity of the different extractions from ZJMH
Many researches have indicated that the antioxidant activity of fruits seems to be influenced by the contents of TFs and TPs levels.
Meanwhile, highly significant linear correlations were observed between the polyphenol contents and their antioxidant capacity (Du et al., 2009) . To obtain accurate evaluations of antioxidant activities of ZJMH, 3 different assays with various antioxidant mechanisms (reducing power, DPPH, and β-carotene bleaching inhibition assay) were used in this study and significant differences (P < 0.05) were observed among all the extractions.
The reducing power of a compound is related to its electron transfer ability. The best antioxidant potential was observed in the EA extract (20.11 ± 0.212 mg of Vc/g extract) (Fig. 2a) et al. (2010) : jujube cultivars/tissues with more contents of total polyphenols and flavonoids showed much higher DPPH scavenging activity. In our lab's previous work (Zhang et al., 2015) , TFs and TPs were mainly responsible for the DPPH radical-scavenging activity and reducing power of Ziziphus jujuba Mill., respectively, which were all affected by TAs, cAMP and cGMP.
Due to the presence of peroxyl free radicals created as a byproduct of linoleic acid oxidation, β-carotene will be degraded and broken down in part. If there were antioxidants competing with peroxyl radicals to prevent the bleaching of β-carotene, this process could be altered (Takada et al., 2006) . This assay was similar to an oil-in-water emulsion system and the activity of antioxidant compounds was influenced by their solubility. Hydrophobic antioxidants tended to perform more efficiently than hydrophilic antioxidants in this model by orienting themselves in the lipid and lipid-water interface, thus combating lipid radical formation and β-carotene oxidation (Miraliakbari et al., 2008) . In present study, all the extracts exhibited prominent β-carotene bleaching inhibition activities, but the trend of the antioxidant potential of the extracts was not similar to that of the above 2 assays: the EA extracts indicated the highest effect of β-carotene bleaching inhibition, followed by PE extract, instead of n-BuOH extract (Fig. 2c ). It was difficult to predict a correlation between β-carotene bleaching inhibition activity and the TPs content because of the fact that TPs content assay measures the levels of both lipophilic and hydrophilic compounds, whereas the β-carotene bleaching inhibition activity is only affected by the existence of lipophilic constituents (Chew et al., 2008) . Previous studies indicated that 19 different fatty acids were detected in different jujube cultivars and oleic, linoleic, palmitic and palmitoleic acids were the predominant ones (San et al., 2010) . In the present study, the strong activities of PE and EA extracts might be due to their higher level of hydrophobic antioxidants such as palmitoleic acid and other lipids.
Anti-inflammatory capacity
Effects of the crude extracts on carrageenan-induced mouse paw edema and xylene induced mouse ear edema Carrageenaninduced mouse hind paw edema and xylene-induced mouse ear edema assays were used to evaluate the anti-inflammatory potential of the crude extracts from the fruit of ZJMH (Fig.3 , Table 2 ).
Dexamethasone was used as a positive control in both acute antiinflammatory models.
The carrageenan-induced mouse paw edema model is a commonly known animal model to study nonsteroidal antiinflammatory drugs from natural plants (Wise et al., 2008) . The acute inflammatory response induced by carrageenan injection involves 3 distinct phases related to the sequential release of cytokines (Ishola et al., 2011) . The initial phase (0 _ 1.5 h) is mainly mediated by histamine and serotonin, while the second phase (1.5 _ 2.5 h) involves the liberation of bradykinin. The last phase (2.5 _ 6 h), presumably, mediated by prostaglandins, is the most important process in the inflammatory response (Sowemimo et al., 2013) . In this phase, the maximal vascular response also reaches its maximum level, which is closely associated with leukocyte migration to the inflamed area. It is well established that prostaglandins, as modulators of inflammatory responses, have a major role in the mechanism (Li et al., 2011a) . Cyclooxygenase (COX) is the key enzyme to synthesize prostaglandins from arachidonic acid and the production of prostanoids is through the serum expression of COX-2 by a positive feedback mechanism (Kumar et al., 2013) . Non-steroidal anti-inflammatory drugs (NSAIDs) have been reported to inhibit the cyclooxygenase enzyme (Murugan et al., 2013) . In this study, the anti-inflammatory Xylene-induced ear edema in mice is a preliminary and simple animal model for evaluating potential anti-inflammatory agents, steroids as well as non-steroidal antiphlogistic agents (Sowemimo et al., 2013) . Ear edema can cause an acute inflammatory response leading to severe vasodilation and edematous changes of skin partially related with phospholipase A2 (Tong et al., 2014) . All the extracts (200 mg/kg) from ZJMH inhibited the ear edema formation significantly (P < 0.05), compared to dexamethasone (10 mg/kg, 52.80%, P < 0.001). The PE and EA extracts (200 mg/kg) significantly inhibited ear edema by 41.52% (P < 0.001) and 25.55% (P < 0.05), respectively. The n-BuOH fraction (200 mg/kg)
showed the strongest inhibition of ear edema by 43.51%
(P < 0.001). The results from this study indicated that the extracts possibly act the suppression of ear edema by inhibiting the release of PLA2 or antagonize its action. n-BuOH extract showed much 3 . Effects of the different extracts extracted from ZJMH on carrageenan-induced mouse hind paw edema. DEX, dexamethasone. The extracts (PE, EA and n-BuOH, 200 mg/kg) and DEX (10 mg/kg) were all administered orally for 5 consecutive days. Results are expressed as the mean ± SEM (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001 was compared to the control group.
higher inhibition of ear edema than that of paw edema. Maybe, the constituents in n-BuOH extract have higher activity in inhibiting the release of PLA2 than that of COX-2. Although further work is needed to understand the compositions and anti-inflammatory mechanism, the above results still suggested the potential usefulness of the extracts from the fruits of ZJMH in the treatment of sub-chronic inflammation.
Effects of the compounds on carrageenan-induced mouse hind
paw edema and xylene induced mouse ear edema In order to identify the specific compounds responsible for the observed antiinflammatory activity in the extracts, 7 compounds were isolated from the PE extract and their anti-inflammatory capacities were assessed by the above 2 animal models. All of them considerably suppressed the edema induced by carrageenan and xylene at 10 mg/ kg (Fig. 4, Table 2 ). In comparison to carrageenan control, the reduction of paw edema by alphitolic acid was durable for 5 h and the inhibition was up to 43.97% (P < 0.001) at 5 h, which showed a similar suppressive effect to dexamethasone (10 mg/kg, 47.63%, Fig. 4 . Anti-inflammation effects of the compounds (1-7) isolated from ZJMH on carrageenan-induced mouse hind paw edema. DEX, dexamethasone. All the compounds and the DEX were administered orally for 5 consecutive days at the dose of 10 mg/kg. Results are expressed as the mean ± SEM (n = 6). * P < 0.05, ** P < 0.01, *** P < 0.001 was compared to the control group. Results are expressed as the mean ± SEM (n = 6); * , P < 0.05; ** , P < 0.01; *** , P < 0.001 was compared to the control groups;
1 , the control and positive groups for the different fractions; 2 , the control and positive groups for the compounds P < 0.001). Stigmasterol, oleanonic acid, betulinic acid, and ceanothic acid also inhibited the carrageenan-induced paw edema obviously (P < 0.05) at 1 and/or 5 h, respectively. For the xylene induced mouse ear edema assay, the inhibition rates of alphitolic acid, ursonic acid, stigmasterol and ceanothic acid (10 mg/kg) were up to 49.55% (P < 0.001), 32.48% (P < 0.01), 32.46% (P < 0.01), and 25.45% (P < 0.05), respectively.
In general, alphitolic acid exhibited the strongest inhibition against acute inflammation induced by carrageenan and xylene, which was similar to that of dexamethasone. The inhibitions of stigmasterol, ceanothic acid, and ursonic acid were remarkably stronger than other compounds from ZJMH. Previous studies demonstrated that the sterols and triterpenoids had antiinflammatory activities by inhibiting the nuclear factor kappa-B (NF-κB), or suppressing the secretion of pro-inflammatory cytokines, such as tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), interleukin-6 (IL-6), interleukin-8 (IL-8), and keratinocytederived chemokine (κC) (Li et al., 2012) . Stigmasterol is a common phytosterol widely distributed in fruits and vegetables and it exhibites a pronounced anti-inflammatory effect through the down-regulation of inducible nitric oxide synthase (iNOS) expression leading to prostaglandin E 2 (PGE 2 ) suppression, and a dramatic suppression of the level of protein and mRNA expression of these enzymes (Pandith et al. 2013 transforming growth factor-β1 (TGF-β1) and iNOS or inhibiting activation of NF-κB and NF-κB-regulated gene expression (Nader et al., 2012) . Ursolic acid is commonly seen as an antiinflammatory agent by inhibition of TNF-a, IL-5, IL-13, IL-17, IL-8 secretion, inhibition of COX-2 transcription, release of macrophage migration inhibitory factor, and down-regulation of enzymes required for the permeation of lymphocytes (Li et al., 2012) . The anti-inflammatory effect of jujube demonstrated that the triterpene acids fraction was the predominant effective part of jujube . Moreover, 7 triterpenoid acids including those we isolated in our work are likely be active compounds concerned with their pronounced inhibitory action on the activated inflammatory cells. In accordance with previous findings, PE extraction from fruits of ZJMH markedly suppressed the inflammation induced by carrageenan and xylene. Furthermore, the 6 triterpenoid acids and one steroid might very well account for it involving one or more of the above mechanisms.
In our study, n-BuOH fraction was the most potent in xyleneinduced ear edema assay. Previous studies showed that alphitolic, betulinic, and oleanonic acids have also been isolated from the found in this fraction (Yagi et al., 1978a, b; Pawlowska et al., 2009; Yu et al., 2012; Guo et al., 2014) . Some have been found to be excellent anti-inflammatory agents. Betulonic acid exhibited potent inhibitory effects on NO and PGE 2 production in mouse m a c r o p h a g e s ( R A W 2 6 4 . 7 ) s t i m u l a t e d w i t h b a c t e r i a l lipopolysaccharide (LPS) (Reyes et al., 2006) . Just like betulinic and ursolic acids, maslinic acid exhibited anti-inflammatory effects by primarily acting on the expression of IP-10 gene (one of the pro-inflammatory marker genes), which plays an important role in inflammation (Mueller et al., 2013) . Rutin could reduce neutrophil infiltration to inflamed tissues by suppressing the β2-integrin expression in the carrageenan-induced rat pleurisy model (Suyenaga et al., 2014) . Furthermore, a series of dammarane saponins, including jujuboside A, C, D, E, and A 1 , have been isolated from the n-BuOH extract of seeds of Ziziphus jujube Mill. and all of them showed considerable lipoxygenase-inhibiting activity (Yu et al., 2014) . Previous studies suggested n-BuOH fraction in our study may contain alphitolic, betulinic, and oleanonic acids as well as all above active constituents. This could be one reason that the n-BuOH fraction exhibited the most potent anti-inflammatory activity in xylene-induced ear edema. The compositions and anti-inflammatory mechanisms of n-BuOH fraction are worth further investigation.
Conclusion
This paper is the first to report the presence of stigmasterol, oleanonic acid, betulinic acid, ursolic acid, ceanothic acid, 
